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PREFACE 



The report on 'Calculation of the Field Strength Required for a 
Television Service, in the Presence of Co-channel Interfering Signals' 
is in three parts, as follows: 

Part 1: The assessment of a single interfering source 

Part 2: El feet of multiple interfering sources 

Part 3: The computer programme 

Parts 1 and 2 deal with the theoretical background of the subject, 
and have been written as entities which can be read separately; for a 
full understanding of the work, however, the reader is advised to study 
Parts 1 and 2 together. Part 3 describes the form and flow diagram of 
the computer programme to carry out the calculation processes described 
in Parts 1 and 2. 
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SUMMARY 

One factor which affects the limit of the service area of a television 
station is the interference from other stations which are operating in the same 
frequency channel. ]n order to use the limited number of available channels 
effectively it is essential that the degree of this interference he predicted as 
accurately as possible. This will permit the formulation of a plan which will 
ensure that the service reaches the maximum number of viewers, substantially 
free from the effects of such interference, ft is desirable that the assess- 
ments should be based upon an internationally-accepted method of calculation, 
because this simplifies liaison between countries when they are negotiating 
clearance for new stations. 

Experience has shown that the existing methods are not sufficiently 
accurate, nor do they cover all the requirements for the planning of u.h.f. 
television networks. An improved prediction method is therefore proposed. 
Moreover, because of the large number of stations planned for operation in the 
u.h.f. band, and hence the large number of calculations involved, the method 
has been developed for calculation using a digital computer. 

The report is divided into three parts, published separately. Part 1 
covers the method proposed for calculating the field strength of each inter- 
fering source. Part 2 deals with the effect of multiple interfering sources 
on the field strength required for a satisfactory television service. Part 3^^^ 
gives the computer programme for carrying out the calculations. 



1. INTRODUCTION 

The limit of the service area of a television 
transmitter is defined by the range beyond which 
impairment of the picture or sound quality by some 
form of interference causes the service to become 
unacceptable. This limit may be established by 
receiver noise, or it may be due to various forms of 
interference, including that from stations working on 
the same channel (co-channel interference). These 
comments apply equally, of course, to television 
transmissions in both the v.h.f. and u.h.f. bands. 
However, the work described in this report is that 
associated with the u.h.f. service (although similar 
techniques are applicable to the v.h.f. service) 
because the particularly exacting problems expe- 
rienced during the preliminary planning of the u.h.f. 
network demanded the development of the new 
techniques. 



In preparing a plan for a network of television 
stations it is first necessary to decide what standard 
of service shall be used as a basis for the calcula- 
tions. In the absence of co-channel interference 
(c.c.i.), the standard is likely to be established by 
the noise levels of the receivers and their ability 
to reproduce the wanted signal. If several stations 
occupy the same channel, the standard of service 
may be determined by the influence of c.c.i. Be- 
cause the strength of a signal from a distant inter- 
fering station will vary with time. Interference may 
be perceptible only for certain periods. Further- 
more, some receiving locations may suffer c.c.i., 
whilst others may not. Thus the statement which 
defines the standard of service must be in terms of 
the percentage of receiving locations which are 
likely to be free from c.c.i. for a stated percentage 
of the time. 



The plan for the high-power u.h.f. television 
stations in the United Kingdom was presented to 
the European Broadcasting Conference at Stockholm 
in 1961. The limits of the service areas for stations 
in this network were defined by the ranges at which 
a field strength of at least 70 dB (;/V/m) at 10m 
a.g.l. was achieved at not less than 50% of the 
receiving locations. The standard of protection 
chosen was freedom from c.c.i. for at least 50% of 
the locations for not less than 99% of the time. It 
is important to note that the factor common to both 
of these statements is the 50% of receiving loca- 
tions. The propagation curves which were used to 
plan the services were generally based upon such 
values, i.e., they displayed the 50% receiving- 
location field strengths as a function of distance 
from the transmitting station. With the help of such 
curves it is, therefore, a simple process to predict 
the values of both the wanted and unwanted signals. 
However, there are many complications which are 
revealed when more precise answers are required, 
and these difficulties will be discussed in this 
report. At this stage it is sufficient to note that 
the technical data which were used at the Stockholm 
Conference were assembled into one publication 
{hereafter referred to as the Stockholm document''^'), 
and this record of internationally-approved informa- 
tion has remained the basis for transmitting station 
(frequency) planning for some time. 

The methods of predicting field strengths 
described in the Stockholm document are essentially 
statistical. Any attempt to improve the accuracy 
increases the labour of calculation, because it 
must take into account details appropriate to the 
particular propagation path which is being studied. 
Even the use of the relatively simple methods 
described in the Stockholm document still leaves a 
formidable calculation problem, if adequate results 
are to be obtained to plan the service. Some idea 
of the magnitude of the work can be gained if it is 
realized that about 200,000 individual calculations 
of c.c.i. levels are required to produce one complete 
assessment of the existing plans for the United 
Kingdom u.h.f. network. Moreover, the calculations 
are based upon the details relating to the siting of 
the transmitters, their powers, aerial heights and 
frequencies, so that changes in any of these para- 
meters may invalidate existing results. Because 
the predictions affect, and in many cases dictate, 
the specifications relating to the transmitter instal- 
lation and its siting, it is most important that 
comprehensive data are constantly available. Thus 
a process of continuous calculation is involved 
in keeping the records up-to-date despite changes 
in the plan. 

As a result of early attempts to employ the 
Stockholm document methods in the planning of the 



dense network of u.h.f. relay stations, it was soon 
concluded that while these techniques were adequate 
for devising a frequency plan for a system of com- 
paratively widely-spaced high-power stations, they 
were unsuited to the new requirements. Further- 
more, it was clear that the enormous number of 
computations could not be completed manually. 
The calculations are simple, but they are tedious 
and time-consuming, and this unfortunate combina- 
tion can give rise to many errors if manual methods 
are used. A digital computer is ideally suited to 
the work, although an extremely complicated pro- 
gramme is necessary and the data storage demands 
are prodigious. However, it was considered that 
the advantages offered by a technique based upon 
computer calculation greatly outweighed the dis- 
advantages, and accordingly such a system has 
been devised. 

The primary objectives of this report are to 
summarize the difficulties which have been met in 
applying the Stockholm document methods, and to 
describe an improved system which is especially 
developed for calculation by a digital computer. 



2. LIMITATIONS OF THE STOCKHOLM DOCU- 
MENT METHOD 

2.1. General 

In order to produce the necessary data in a 
form wtiich allowed rapid application, the Stockholm 
document contained many simplifying assumptions. 
In the words of the document '... engineering judg- 
ment must always be used in interpreting the 
results.' The implication of this statement is that 
the errors which are inherent in the system can to 
some extent be corrected by the user, provided he 
is sufficiently familiar with the peculiarities of 
each problem. However, a large-scale development 
such as the u.h.f, network cannot be based upon 
spontaneous and unique subjective assessments. 
An objective method is clearly desirable, at least 
in order tiD ensure consistency. Nevertheless, the 
Stockholm document was adequate for the planning 
of the main stations that was carried out in 1961, 
indeed it would have been impossible to proceed 
without it. Furthermore, it still remains essential 
for present-day negotiations because it contains 
data which are internationally agreed. 

The majority of the difficulties which have been 
met were associated with the means of determining 
the field strength values of the unwanted signals. 
The propagation curves which are included in the 
Stockholm document are not wildly inaccurate; 
within their limitations, they are a useful guide. 
It is only when an attempt is made to employ them 



to assess the field strength at a precise location 
that difficulties occur. Indeed, the principal dif- 
ference between the planning work that is required 
tor rnain stations and that which is necessary for 
the lower-power relay stations is in the degree of 
detail. Where the service area is large, as in the 
case of main stations, the investigation of the 
c.c.i. levels at a dozen points around the periphery 
is generally adequate to allow the necessary recom- 
mendations to be made for the transmitting instal- 
lation. For the relay stations, the same number of 
assessments may be required, but here the density 
of these points is much higher because of the smaller 
dimensions of the service area. There are two 
reasons for this closer examination. Firstly, be- 
cause the range of the station is small, slight 
movements around the service area can produce 
pronounced changes due to the influence of receiv- 
ing aerial directivity. Secondly, the effect of local 
terrain can be very important, because it can screen 
a significant proportion of receiving aerials from 
some of the interfering transmissions. Both of 
these features can be used to advantage if accurate 
information is available about the cc.i. levels over 
the potential service area of the relay station. 
The results can then be used to specify the site 
and other technical requirements of the station to 
minimize c,c,i, 

tn addition to increasing the density of the 
points examined, it is also important to be explicit 
about the way in which the predicted field strength 
will vary with movement away from the represen- 
tative receiving site which has been chosen for 
calculation. The Stockholm propagation curves 
give the median or "50% location' field strength, 
but a higher percent age-locat ion coverage is more 
appropriate to areas of dense population. Further- 
more, part of the calculation is concerned with the 
comparison between the statistical time-distributions 
of the protected field strength (that which is re- 
quired to achieve virtually interference- free recep- 
tion) and the wanted field strength (that which is 
available from the wanted station). In order to 
obtain a realistic assessment it is essential to 
define the ways in which each of these distribu- 
tions vary with receiving location. 

In the following sections the limitations of 
the Stockholm data are discussed in more detail, 
and the results of investigations into means of 
improvement are described. 



2.2. The Propagation Curves 

Propagation curves, giving field strength as 
a function of distance from the transmitting aerial, 
are usually plotted on a median receiving-location 
basis, i.e. they give field strengths exceeded at 



50% of locations at the specified distance. The 
measurements which were used to compound the 
propagation curves shown in the Stockholm document 
were made by several authorities, and separate 
results are given for land paths and sea paths. 
The majority of the data used for the sea paths 
came ' from long-distance propagation experiments 
over the North Sea. Many different results have 
been used for the land paths, and the curves in the 
Stockholm document are stated to be representative 
of the propagation over the 'rolling, irregular terrain 
of Europe,' 

The propagation curves are displayed as a 
family, with percentage of time as parameter; thus, 
results are shown for field strengths exceeded for 
1%, 10% and 50% of the time. Because the fading 
range becomes greater as the dislance from the 
transmitting aerial increases, the divergence be- 
tween field strengths for the time percentages 
quoted becomes greater. The field strength is a 
function of location as well as of time. The Stock- 
holm document assumes that the deviation of field 
strength (measured in decibels) from the median 
value for different location percentages follows a 
Normal statistical distribution. Curves are given 
which show the extent of the variation, and these 
curves are reproduced in Fig. 1, The variation 
increases with the depth of ground irregularity, and 
the :\^ parameter* is used to define this. It will 
be seen that the abscissae of this graph are 'per- 
centage receiving locations', so that if the user is 
interested in a particular receiving site, he must 
decide the amount by which the field strength will 
be different from the median value given by the 
propagation curve. There are two important objec- 
tions to this process. Firstly, there is the intrusion 
of a subjective assessment. Secondly, a limit is 
not placed upon the dimensions of the area for 
which a Normal distribution results; some investi- 
gation has been carried out on this point, because 
it is of great Importance to the prediction. 

Measurements of field strength made in several 
towns in the United Kingdom have been analysed to 
determine the distribution of values obtained over 
different areas within the towns. There is strong 
evidence from this work to show that the effects of 
local hills and other forms of screening make it 
difficult to fit the results to a simple distribution 
law. This is illustrated by Fig. 2, In which the 
field strength measurements obtained In the city 
of Guildford have been plotted as a series of histo- 
grams. Firstly, the overall distribution is shown, 
and it wlll.be seen that this is certainly not Normal. 

* ZVi = (Hid- Hgo) metres 

where Hio '= *hs height in metres exceeded for 10% of 
the path between 10 ond 50 km from the tronsmilter, 
and Hao is the height in metres exceeded for 90% of 
the same range. 



However, if the town is divided into small areas, 
the limits of which are decided after considering 
the features of the local terrain, more or less Normal 
distributions result for each part. The coritroMing 
feature is the degree of terrain roughness, and In 
this case the separate areas have been delineated 
so that each one is substantially free from signifi- 
cant variations In the ground level, and from impor- 
tant differences in the overall propagation path to 
the area. Although it Is by no means a firm rule, 
examination of many such results shows ihat a 
Normal distribution is unlikely to occur if the range 
between maximum and minimum measurement ex- 
ceeds 30 dB. If reference is again made to Fig. 1 
it will be seen that the range between 1% and 99% 
of locations for A/i = 50 m is about 44 dB, a degree 
of variation well outside the limit which measure- 
ments suggest should be applied for Normal distri- 
bution. It will be seen later that It Is convenient 
to worl( in terms of Normal distributions for the 
calculation method used in this report. We, there- 
fore, define the area over which a particular calcula- 
tion applies as one in which the ratio of maximum 
to minimum field strength does not exceed 30 dB. 



If we take the maximum to minimum ratio as corres- 
ponding to six times the standard deviation, this 
means we regard an 'area' as that for which the 
standard deviation is 5 dB. 

The effect of increasing the height of the 
transmitting aerial Is covered in the Stockholm 
document by showing a series of propagation curves, 
each for a particular elevation above 'mean terrain'. 
The latter Is defined as the mean level of the terrain 
between three and fifteen kilometres from the trans- 
mitting station. This form of assessment is reason- 
able for propagation paths of considerable length, 
but it becomes Increasingly inapplicable as the 
range diminishes. In particular It is unsuited to 
those cases where the transmitting aerial is below 
the mean terrain height, which may often occur at 
relay stations in mountainous areas. In fact a far 
more influential feature is the dominance of the 
terrain in the immediate vicinity of the receiving 
site, and this point will be discussed later In the 
report. 

Comparison between measurements made at 
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range 10 to 50 ^t^ from the transmitter 



ranges ot up to 110 km and predictions based on the 
Stockholm clocument gave disappointing results. 
Where the service area embraced terrain which was 
rather hilly, inclusion ot the effect of the Ah para- 
meter brought some improvement, but generally 
this was quite small. 

The original method of dealing with propaga- 
tion over mixed paths, i.e., land and sea, as advoca- 
ted by the Stockholm document was also unsatisfac- 
tory, due mainly to the difficulties which were 
experienced in its application. However, the 
C.C.I.R. has now adopted new mixed-path curves'^', 
and these have solved the problems associated with 
the Stockholm data in this respect. 



2.3. Protection Ratios 

When the field strength (in decibels) of the 
interfering signal has been determined, the wanted 
service must provide a higher field strength in 



order that interference effects will be insignificant. 
This increment is referred to as the protection ratio, 
defined as the ratio, in decibels, of wanted-to- 
unwanted signals for a condition ot cc.i. which is 
judged to be acceptable. The value produced by 
adding the protection ratio to the unwanted field 
strength is described as the 'protected field 
strength.' 

The protection ratio depends or the carrier- 
frequency differences (or 'offsets') between nomi- 
nally co-channel signals. The Stockholm document 
contains information concerning the appropriate 
protection ratios which should be used. There Is 
little to criticise in the amount ot data, but in 
planning stations which will have a small geographi- 
cal separation, where the cc.i. may be present for 
a substantial proportion of the viewing time, it has 
been necessary to consider what Increase must be 
made to the protection ratios in order to allow for 
this virtually continuous disturbance. This is 
because the protection ratios quoted in the Stockholm 
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document are considered to be acceptable for those 
cases where interference occurs for a small percen- 
tage of the time, '... not precisely defined, but 
assumed to be between 1% and 10%.' The document 
goes on to suggest that 'just perceptible interfer- 
ence' would require an increase in the protection 
ratios of some 10 to 20 dB. Work carried out by the 
BBC'^' showed that an increase of 10 dB (over the 
CC.I.R. 1% to 10% time values) is a sufficient 
allowance for virtually continuous interference, and 
this is taken into account in the BBC method. 

2.4. Receiving Aerial Directivity 

The protection ratios refer in all cases to the 
ratios, in decibels, between the wanted and un- 
wanted signals at the input to the receiver. Of 
course, the voltage of the unwanted signal may be 
reduced by the use of a suitable directional receiv- 
ing aerial, provided this can discriminate between 
the directions of the wanted and the unwanted 
sources. Representative directional aerial radiation 
patterns are contained in the Stockholm document, 
and that regarded as applicable to u.h.f. trans- 
missions of the same polarization is reproduced in 
Fig. 3. Commercial aerials having this performance 
are available, and in BBC planning it is assumed 
that such aerials are used. However, in the United 
Kingdom, horizontal polarization is being used for 
the main high-power stations and vertical polariza- 
tion for the relay stations. It has therefore been 
necessary to extend the data to include the response 
of a receiving aerial to unwanted, orthogonally- 
polarized transmissions. The results of experiments 
carried out by the BBC*** have resulted in the 
lower curve shown in Fig. 3. 



3. MODIFICATIONS TO THE STOCKHOLM DOCU- 
MENT METHODS 

3.1. Development of the Field-Strength Calcula- 
tion Method 

The primary requirement of the prediction 
process is that it must give, with acceptable 
accuracy, the values of interfering field strengths 
which are then used as the basis for the calculation 
of the protected field strengin. We require to know 
the median value of protected field strength, its 
standard deviation with respect to time and loca- 
tion, and some idea of the geographical limits over 
which these values apply. 

It was considered that an appreciable increase 
in the accuracy of prediction using the Stockholm 
document propagation curves would result if account 
were taken of the terrain in the immediate vicinity 
of the receiving site, if only in an empirical manner. 

A study was made of measurements taken in the 
service area of the BBC Crystal Palace Station in 
relation to the ground profiles for the first five 
kilometres from each receiving point towards the 
transmitter. The difference between the measured 
field strength and the value given by the Stockholm 
propagation curves was plotted as a function of the 
angle, 6s, at the receiving aerial, between the hori- 
zontal and the line to the summit of the principal 
obstacle within five kilometres as illustrated in 
Fig. 4(a). The correction curve shown In Fig. 4{b) 
Is a smoothed curve between the points obtained. 

The median values derived from several thou- 
sand measurements made in 123 built-up areas 



were compared with the corresponding predicted 
values obtained using the Stockholm propagation 
curves. The ratios between the measured and 
predicted results were expressed in decibels, and 
the difference indicated the magnitude of the predic- 
tion errors. The process was then repeated, but 
this time a correction was made to the predictions 
in accordance with the empirical correction curve 
in Fig. A{b). The results of this comparison are 
shown in Table 1. 



TABLE 1 
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It was considered that these results were 
sufficiently promising tojustify further development, 
and the investigation was extended to include re- 
sults obtained from measurements in other service 
areas, so that a correction could be obtained which 
would be representative of all types of terrain 
encountered in the United Kingdom. 



In addition to making a correction for the 
terrain in the vicinity of the receiving site, it was 
felt that an improvement could also be realized by 
using the same tecfinique at the transmitting end. 
This would overcome some of the objections to the 
'height above mean terrain' process mentioned in 



Section 2.2 and would be quite suitable for short- 
path calculations. After some study, it was deci- 
ded that the correctjon factor at each end of the 
path should be derived for a standardized path 
length of 15 km (instead of 5 km) from the terminal 
po i nt s. 

The angle ^15 derived for this distance (i.e. 
the angle subtended at the aerial by the horizontal 
and a line to the summit of the principle obstacle 
within 15 km) is called 'the terrain clearance angle' 
and it will henceforth be denoted 9, the subscript 
being dropped. This angle can be obtained quite 
quickly by using the terrain clearance protractor, 
illustrated in Fig. 5 and described in the Appendix. 




Fig. 5 - Terrain clearance protractor 
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When this instrument is used, the time taken to 
produce the terrain clearance angle from an Ordnance 
Survey map for one radial is less than one minute. 

With the establishment of a terrain clearance 
correction, the new method was employed to produce 
predictions which could be compared with measured 
results made over an extensive range of distances 
from various transmitting stations. Many of the 
measurements had already been used to produce the 
Stockholm curves, and it was hoped that the addition- 
al terrain clearance correction would give improved 
accuracy in calculating field strengths. However, 
the results of this work were disappointing, and 
upon examination certain inconsistencies were 
revealed. It was realized that at short ranges the 
measurements which had been used to produce the 
Stockholm curves were generally median values 
obtained from town surveys; on the other hand, at 
the longer ranges, the receiving sites chosen for 
measurement were situated in open country, often 
on hill tops, in order to obtain a sufficiently high 
field strengtr> to measure. Site variation factors 
(i.e. the difference between field strength at the 
fixed receiving site and the mean of the values at a 
number of other locations scattered over the area) 
were determined at the time of the original long- 
range measurements. These factors were used to 
compensate for the prominent positions of the fixed 
receiving sites, but did not allow for additional loss 
due to local buildings (referred to as 'urban loss') 
which was inherent in the short-range measurements 
in towns. In addition, towis are frequently in 
valleys and thus subject to local terrain shadowing 
effects. The Stockholm curves therefore represent 
the field strength at types of receiving locations 
which vary with distance from the transmitter, and 
to improve the accuracy it would be necessary to 
use different corrections which take these factors 
into account, As a result of the investigations it 
was considered that this procedure would be un- 
satisfactory. Because the terrain clearance con- 
cept seemed a more realistic approach, it was 
decided that a new basic propagation curve would 
be produced, to which appropriate terrain correc- 
tions would be applied. At the same time, in 
preparing the new curve, the opportunity would be 
taken to lake account of many additional measure- 
ments {455 groups of measurements were eventually 
used) which had become available since the formula- 
tion of the Stockholm curves. 

3.2. Description of the Field-Strength Calcula- 
tion Method 

The basis of the calculation method now used 
is the free-space (or inverse-distance) field-strength 
curve, to which various corrections are applied. 
The form of the calculation may be expressed as 
follows:- 



E = Fo + P - L^ - Fi - Fa + T^ dB rel. to 1 /iV/m 

(1) 
where E = field strength (in dB (/iV/m)) of the inter- 
fering signal 
Fo = free-space field strength (in dB (fjV/m)j 

for 1 kW e.r.p. 
P = e.r.p. in dB rei. 1 kW 
Ly = urban loss, taken to be a constant 
Fi = a loss proportional to the path length 

times a coefficient 
Fj = an additional loss introduced if the 
transmitter and receiver are screened 
from each other by the curvature of the 
earth; it is equal to a coefficient times 
the difference between the path length 
and the sum of the horizon distances 
from the terminals. 
Tj. ^ terrain correction, a gain or loss depend- 
ing on the ground profile for the first 
15 km from each terminal and also on the 
terminal aerial heights. 



To derive the values for urban loss and empiri- 
cal coefficients contained in Fi, F^ and T^ the 
computer was used to carry out an optimization 
sequence in which these factors were varied until 
the differences between predicted and measured 
results vcere at a minimum. The values produced 
from this process are given in the following text. 

The urban loss L^^ was included because it 
was decided that the results should be representa- 
tive of populated areas; the value produced by the 
computer optimization programme was 8-5 dB, 

The remaining three factors, Fi, F2 and T^, 
are now described in detail, because their applica- 
tion in the calculation is complicated. Although 
they are discussed under separate headings, to some 
extent they are inter-dependent. The degree of this 
relationship is established by features unique to 
each propagation path. 

3.2.1, The Fi Loss 

The Fi loss is a variable which depends 
upon the constitution of the propagation path (land 
or sea), and upon the percentage time lor which 
the field strength is required. It is equal to the 
distance between the transmitter and receiver (or 
path length) multiplied by the appropriate coefficient 
as follows: 

1% time, land : 0-14 dB Kin 
10% time, land : 0-166 dB/km 

1% time, sea : dB/km 

10% time, sea : 0-075 dB/km 



3.2.2. The Fa Loss 

The Fs loss is a variable which, like the 
Fi loss, depends upon the constitution of the path 
and upon the percentage time. It is additional to 
the Fi loss, and is only introduced if the total 
path length exceeds the sum of the horizon ranges 
of the terminal aerials. Thus, in order to determine 
the application of Fq in the calculation, it is first 
necessary to obtain the horizon ranges. 

The sum of the horizon ranges, Dy^, is given by 

Dh - C, (v'hf + v'hR) {2) 

where h-|-' and hp' are the heights of the terminal 
aerials above the horizon height (defined below); 
if the values obtained tor hj and hp turn out to be 
negative they are given the value 0. 

It is necessary to assume a horizon height for 
the calculation, because information concerning 
the profile of the propagation path Is limited to that 
provided for the terrain correction, i.e. 15 l^m from 
each terminal. Thus, for land paths, the interven- 
ing terrain Is taken to be 120 m above sea level. 
For sea paths, a value of zero is used as the 
horizon height. 

The factor C^ is a variable, which depends 
upon the path constitution and the percentage time. 
The artifice of varying the earth's effective radius 
is equivalent to allow/ing for the weather conditions, 
which affect the curvature of the propagation path. 
The factor C is defined by 



C„ = 



10=^ 



(3) 



where R Is the effective radius of the earth in 
metres. 

The factor C^ was Included in the optimization 
programme, and the values obtained for the various 
conditions were:- 

1% time, land : 3-61 
10% time, land : 3-57 

1% time, sea : 8.55 
10% time, sea ; 4.51 

These values used in conjunction with the 
appropriate hj and hp' provide the sum of the hori- 
zon ranges for each path. Values obtained from the 
optimization programme for the Fq coefficient 
were:- 

1% time, land : dB/km 
10% lime, land : 0-0251 dB/km 
1% time, sea : 0.038 dB/km 
10% time, sea : 0-022 dB/km 



The typical curves shown in Fig. 6 are calcula- 
ted field strengths as a function of distance from 
the transmitting aerial. They are for an e.r.p., P, 
of' 1 kw, and Fi, F2 (where applicable) and urban 
losses are Included. The terrain correction, which 
Is described in the next section, is excluded, be- 
cause its value depends upon the profile information 
supplied for each propagation path. 

3.2.3. Terrain Correction 

The final correction used in the calculation 
allows for the influence of terrain in the vicinity 
of the terminal aerials, and takes some account of 
the overall height of these with respect to the 
propagation path. 

In Section 3.1 the development of the terrain 
clearance angle was described. While it Is this 
angle which Is manually derived and stored in the 
computer, the angle actually used in the calcula- 
tion is redefined. The new angle which is pro- 
duced is referred to as the 'terrain correction 
angle,* shown as a in Fig. 7. This figure shows a 
variety of propagation paths, and they will now be 
used to describe the different ways in which the 
terrain correction angle is applied. 

It must first be emphasized that the terrain 
correction process Is separated into two parts. 
The first deals with the effect of obstacles within 
15 km of the terminals; the second considers the 
overall height of the terminal aerials with respect 
to the propagation path. The first process produces 
either zero correction or a loss; the second gives 
either zero correction or a gain. Both results are 
determined by the use of the angle a for each 
terminal and the extent of the correction is estab- 
lished by the curve shown In Fig. 8. 

Returning to the first part of the terrain correc- 
tion process, Fig. 7 profile {a), shows the situation 
for paths of less than 30 km in length; that is, 
paths for which F2 = 0, there being no intervening 
path between the two 15 km terminating lengths. 
The terrain correction loss is derived from Fig, 8 
for a single angle a which Is defined by 

di >0, a? >0, a =0 

Gi <0, ar, ^0, a - a^ 

Qi >0, a^ <0, a = 02 

ai <0, a? <0, a = oi + aj 
ai and a? are negative when the line drawn 
from the terminal aerial to the summit of the near- 
est obstacle points in an upward direction from the 
reference axis. When the terminal aerials are spaced 
by less than the sum of the distances from each to 
their horizon, the reference axis Is a straight, un- 
broken line connecting the two aerials. In profile 
(c), the reference axis is the line drawn from the 
aerial to the horizon taken as 120m for a land path 
and Om for a sea path. 
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Fig. 6 - Field strength/distance curves 
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Fig. 7 - Path geometry diagrams 

(a) Terroin correction loss; path length <30 km (a^, a^ 
are negative in this figure] 

(b) Terrain correction loss; path length > 30 km < D^ 
(<r) Terrain correction loss; path length > D^ 

(d) Terrain correction gain; derivation of angles and 
interpolation (one tenriinal). idi, 0.fj are positive in 
this figure) 

^1' ^2 "'^ terrain clearance angles 
O-l, 0!2 are terrain correcHon angles 
Du is the sum of horizon distances 
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/^ig. S - Terrain correction 



From Fig. 8 it will be seen that for a = the 
correction is -6dB. This corresponds to the loss 
imposed by Fresnel theory for grazing incidence. 
Zero correction on the same figure is equal to a 
value for a = 0-13°, an angle which corresponds to 
zero loss at 600 MHz due to a knife edge at the 
mid-point of a 30 l<m path. 

Profiles [b) and (c) in Fig. 7 are such that Fj 
may differ from zero, because they illustrate the 
conditions for path lengths greater than 30 km in 
length. For profile (b), Fa = because the path 
length, although greater than 30 km, still does not 
exceed D^. In this profile the datum is tai^en to 
be the line joining the terminal aerials, and a is 
defined with respect to this base. In profile (c) the 
path length is such that the aerials are not within 
the sum of the horizon ranges of each other and the 
base lines for a are as shown. It couid well be 
that F2 ^ in this case. The corresponding losses 
for the profiles at each end of the paths are read 
off from Fig. 8 and added together because ai and 
02 are both negative in both examples shown. 

it is now necessary to consider the second 
part of the terrain correction^ This may be regarded 
as a measure of the effectiveness of a high aerial 
in providing a favourable patti over the terrain at 
distances beyond 15 km from each terminal. Since 
precise information does not exist for this part of 
the path, the correction is assessed from considera- 
tion of the aerial height relative to the horizon 
height, as well as the terrain correction angles, 
Qi and 05. 

The gain correction is applied only to path 
lengths in excess of 30 km in length, and is deter- 



mined by the angles shown in profile (d) of Fig. 7. 
From each terminal we draw a line to the horizon 
if the path length equals or exceeds D^, or to the 
other terminal if this is within the sum of the hori- 
zon ranges. A line is also drawn from the aerial 
to a point on the horizon circle, at a distance of 
15 km from the terminal. The angle a^ is then 
defined as either the angle betwew these lines, or 
as 0.130 if a value less than this results. 

For path lengths between 30 km and 60 km the 
angle used is a value obtained by linear interpola- 
tion as shown in Fig. 7(d) between the terrain 
correction angle a^ (or 0-130 if a^ is less than this 
value), and the angle a^ determined as described 
above. 

The terrain correction gain is obtained from 
Fig. 8 for each end of the path, and the gains ad- 
ded. It should be noted that the slope of the curve 
of Fig. 8 for values of a exceeding 0-130 was 
derived from the optimization sequence referred to 
at the beginning of Section 3.2. 

3.2.4. 'iVIixed' Land and Sea Paths 

The calculations described in the previous 
parts of Section 3.2 apply to all-land or all-sea 
paths. Various methods were tried for taking account 
of propagation over "mixed" paths, i.e. combina- 
tions of land and sea, but it was eventually deci- 
ded that reasonably accurate answers would be 
obtained if the simple "percentage* method was 
used, i.e. a linear interpolation is carried out be- 
tween the land and sea values (in decibels) in 
proportion to the length of the path over land and 
over sea. 
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3.2.5. Derivation of the Median Value and 
Standard Deviation of the Field Strength 
Distribution 

For convenience in computing we require the 
median-time, median-location field strength of each 
interfering source, together with the associated 
standard deviations. The calculations described 
are based on median-location measured values, 
within the area for which they are applicable. The 
results of the calculations therefore give median- 
location values; the standard deviation with re- 
spect to location is 5 dB, tor the reason given in 
Section 2.2. 

As far as the distribution with respect to time 
is concerned, we calculate only the 1% and 10% 
time values for the 50% location, and then derive 
a median-time value and standard deviation, malting 
the assumption that a Normal statistical distribu- 
tion applies. Writing the values (expressed in 
decibels) for 1%-time and 10%-time, at the 50%- 
location, as Ei,so and Eio,50 respectively and 
the median value and standard deviation as M and 
(jj respectively, for a Normal distribution it can be 
sl-iown that: 

aj = 0.956 (Ei, 50 -Eio,5o) (4) 

M = 2.226 Eio ,50 - 1 -226 Ei ,50 (5) 

For the distant sources the median value is a 
fictitious one, since the distribution is not, in fact, 
Normal. In these cases, however, oj Is large, so 
that only the field strengths for small time percen- 
tages are Important, and over this part of the range 
the distribution approximates to a Normal one. On 
the other hand, for nearby sources, for which the 
field strength for all percentage times Is important, 
the distribution approximates closely to a Normal 
one, so that the above method of calculating the 
median and standard deviation is adequate. 

3.3. Determination of the Protected Field 
Strength 

We have seen how to calculate the field 
strength of the interfering sources, and the next 
step is to calculate the protected field, i.e. the 
minimum signal strength required to provide a satis- 
factory service when the quality of reception is 
limited by co-channel interference. This problem 
is dealt with In Part 2'^' of the report, but an out- 
line of the main considerations is given below. 

For a single interfering source the protected 
field is given by: 

Protected field = (Field strength of unwanted 
source) 
+ (protection ratio for appropriate 

carrier frequency offset) 
- (receiving aerial directivity 
allowance) (6) 



In practice, the field strengths of both the wanted 
and unwanted sources vary from location to loca- 
tion and also with time, so that statistical methods 
must be used to define the degree of protection. 
The situation is complicated by the fact that a num- 
ber of sources may cause interference, so that 
again statistical methods have to be used to assess 
the effect of this composite interference on the 
protected field. 

The protection ratios to be used In Equation 
(6) for interference occurring for between 1% and 
10%-time (i.e. protection probabilities of between 
99% and 90%-tlme) are given in the Stockholm docu- 
ment. The BBC result is finally evaluated in terms 
of the field strength giving 95% protection probabil- 
ity. 

To take account of the possibility of virtually 
continuous interference being the dominating factor, 
the protection ratio for each source is modified as 
follows. The difference between the 95%-time field 
and the 50%-time field is calculated; if it is say, 
X dB, the protection ratio is increased by (lO-x)dB. 
The resulting protected field will then meet the 
C.C.I.R. criterion for short duration interference 
and also the BBC criterion for virtually continuous 
interference (see Section 2,3.), 

3.4. Discussion of New Method 

The calculation method described in this 
report has now been in use for nearly two years, 
and a considerable amount of experience has been 
gained with It. 

Three principal advantages have resulted 
from the adoption of the new system. Two of these 
are associated with the method of calculation, 
whilst the third has resulted from the use of a com- 
puter. 

Firstly, the accuracy of the calculation Is 
greater than that of the Stockholm document method. 
This is shown by the information contained in 
Figs. 9 to 12 inclusive, which display the compari- 
sons between measured and predicted results at 
455 receiving locations. Fig. 9 shows the compari- 
son between measurements and predictions which 
have been made using the Stockholm document, 
whilst in Fig. 10 the measured results are compared 
with predictions derived by the new method. Figs. 
11 and 12 are similar comparisons, but in these 
graphs they are shown as a function of distance 
from the transmitting station. 

Secondly, the need for subjective correction to 
the results has been largely eliminated. It is neces- 
sary, of course, to select representative receiving 
sites for the investigation, and this still involves 
subjective assessment. However, this degree of 
selection is no greater than that which applies to 



u 



most forms of field strength measurement and predic- 
tion, in wfiich' it is left to the engineer to decide 
the density and placing of his observations. 

The use of the cornputer has meant that many 
more calculations have been carried out than would 
otherwise be possible. Other advantages are 
expected to accrue from the use of the present 
system. Principal amongst these must be the 
possibility of widespread use by other organiza- 
tions of a method developed for use with a compu- 
ter, which could result in a substantial reduction 
in the work associated with transmitting station 
planning. In the past, the preparation of the propos- 
al for a new station by the broadcasting organiza- 
tion, the examination by the Post Office, and the 
subsequent investigation carried out by Continental 
administrations could mean that the calculations 
have been repeated several times. Whilst this 
procedure has not embarrassed the v.h.f. develop- 
ment, which has been gradual, some improvement 
is desirable for the u.h.f. service, because of the 
much higher planning rate. It an agreed computer 
method could be established between the various 
authorities, an application for a new station could 
take the form of a length ot data tape, giving the 
operating characteristics of the proposed transmitter. 
Each administration could then quickly assess the 
effect of the new source of interference upon their 
OMm services, by using the new data in ttieir compu- 



ter programme, 

There is one important disadvantage of the new 
method, namely, it is quite unsuited for manual 
use. In order to exploit to the full the advantages 
of large storage and speed of computation the sys- 
tem has been developed for computer calculation, 
and it is inefficient to attempt to use it manually. 
In one example a manual calculation took about 30 
man-hours to complete. The equivalent time lor the 
computer was rather less than one minute. The new 
work therefore does not improve upon any of the 
existing means ot obtaining a rapid appraisal, un- 
less the necessary data is already stored in the 
computer and on-line access or instant availability 
is possible. 

The use of a computer tor planning work has 
introduced other problems, although these cannot 
be regarded as serious disadvantages of the 
method. Firstly, to obtain valid answers it is essen- 
tial that the data held in store should be ciccurate. 
Many changes are made every week, and consider- 
able clerical effort is required to ensure that the 
computer is using current information. Secondly, 
the weekly output is so enormous that accurate 
analysis and full appreciation of the detailed re- 
sults can occupy considerable engineering effort. 
A typical output sheet is shown in Table 2, giving 
the results for one receiving location; the present 
weekly output averages about 200 of Ihese sheets. 
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Fig. 9 

Histogram of ratio of field strengths: 

Calculated by Stockholm Method 
Measured 

Mean =- 1-13 dB 
Standard deviation = T2'6 dB 
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Fig. 10 - Histogram of ratio 
of field strengths: 

Calculated by New \1eifiod 
Measured 

Mean =0 dB 
Stondard deviation = B-3 d3 
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4. FUTURE DEVELOPMENT 

Current development of the c.c.i. programme is 
proceeding along tliree general lines: 

(i) Improvement of the calculation method. 

(ii) Improvement of the form of the computer input/ 
output data. 

(iii) Adaptation for international use. 

Although there has been some improvement in 
the accuracy of the final result, compared with 
that using the Stockholm document, further improve- 
ments are being studied. 

At present the results of the computer pro- 
gramme are used as a guide to site selection, chan- 
nel choice, effectlve-radi ated-power specification 
and other transmission features, as well as provid- 
ing an indication of the extent of a service area. 
Channel selection is an important feature of the 
work, partly because it is this information which 
is used to identify stations for Inclusion in the 
calculation, i.e. the computer programme starts by 
selecting from store those stations which use the 
channel selected for Investigation. The possibility 
is being studied of not having to repeat the whole 
calculation on several channels when deciding 
allocations for a new station. 



The main investigation into the input procedure 
is concerned with data checl<ing. It is hoped that 
it will be possible to leave much of the effort to the 
computer, and means of doing this are being studied. 

It was mentioned earlier that the enormous out- 
put required considerable study for full analysis. 
Much of this is due to the fact that all the stations 
stored are included in each calculation. It was 
considered at the start that until we had evidence 
of the nature of the results it would be unwise to 
eliminate any source. Some form of exclusion tech- 
nique would be of advantage and, in a method at 
present under trial, calculations are first carried 
out for a receiving location at the wanted trans- 
mitter site, to determine which sources can subse- 
quently be excluded on the basis that they are too 
weak to affect the final assessment. 

The possibilities of adapting the programme for 
international use are being examined through Work- 
ing Party K of the European Broadcasting Union; 
discussions are being held with representatives of 
various countries to study the prospects of develop- 
ing an international system. At the present time it 
would seem that such a programme could be a simpli- 
fied version of the current BBC system; simplifica- 
tion seems desirable because many countries have 
not yet proceeded far with their u.h.f,' coverage 
plans, and are not able to supply the vast amount 
of data required for the full method. 
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Fig. 12 - Graph of ratio of field strengths: 



Calculated by New Method 



against distance 



Measured 

• 50% Time values OlO% Time volues X ^% Time values 



16 



TABLE 2 
Co-Channel Interference Calculation with Terrain Correction 



Channel 


Date 




Se 


■vice Area 


26 


2 / 9 / 6e 






C P 


Test Location 


95% Time 


95% Time 


70% Locn 


70% Locn 


NO. Dist. Bearing 


50% Locn 


70% Locn 


70 dB 


80 dB 


(km) (Deg) 


F.S. (dB) 


F.S. (dB) 


% Time 


% Time 


From TX 


Prol. 


Prot. 


Prot. 


Prot. 



224 



35-6 



191-5 



61-0 



63-3 



98-6 



99-9 



TX 



Stratfd 

Ramsbot 

Skipton 

Halifax 

Swansea 

Rhondda 

C Risca 

Hexham 

Cromer 

Alburg 

N Yorks 

Wrekin 

Stockid 

Ayrshir 

Banff 

Lewis 

Ireland 
Kippure 
Mulrany 
S Naght 

Germany 
Bonn 
Fulda 
Minden 
Sleswig 
Stutgat 

France 
Besacon 
Bourges 
Meziere 
Nancy 
Nantes 
Rouen 

[Holland 
Leistad 

Belgium 
Molhout 

Norway 
Flo 
Oevre 



50% Time 

50% Locn 

F.S. (dB) 

Prot. 

14 

-14 

-33 

-12 

-23 

-10 

21 

-55 

13 

34 

28 

20 

36 

-60 

-91 

-134 



RELATIVE 
S.D. 
Time 



-12 
-88 
-86 

-61 

-105 

-74 

-85 

-113 

-87 
-35 

-3 
-68 
-18 

25 

1 

-28 

-184 

-132 



6 
13 
15 
13 
12 
10 

8 
20 
10 

7 
15 

9 

8 
26 
36 
42 

25 

36 
33 

25 
34 
33 
50 
35 

31 

24 
18 
26 

27 
14 

26 

20 

73 
63 



CONTRIBUTIONS 

95% Time 

50% Locn 

F.S. (dB) 

Prol. 

24-3 

8-3 

-7-8 

10-5 

-2.7 

6-9 

35-9 

-21-7 

29-8 

47-3 

54-0 

36-1 

49-9 

-17-2 

-31-9 

-64-6 



30 
-28 
-31 

-19 

-49. 

-19 

-2 

-54 

-^6 

5 

27 

-15 

25 

48 

44 

5 

-62 
-26 



Aerial 

direct. 
(Deg) 

303 
321 
325 
327 
271 
273 
273 
333 
13 
32 
337 
305 
249 
32 
334 
322 

288 
287 
304 

79 
79 
62 

44 
95 

118 
140 
99 
106 
179 
143 

53 

73 

4 
16 



TX 

Bearing 

<Deg) 

314-6 
332-9 
336-8 
338-0 
282-6 
284-2 
284-8 
344-2 
24-2 
43-5 
348-8 
316-4 
260-3 
331-5 
345-7 
333-5 

299-5 
298-6 
315-0 

90-9 
90-0 
73-6 
55-2 
106-1 

129-8 

151-9 
110-5 
117-3 
190-8 
154-5 

64-8 

84-1 

15-8 
27-0 
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APPENDIX 
Terrain Clearance Protractor 



The instrument is designed to obtain from 
contour maps a measurement of the terrain clear- 
ance angle, 0. It can also be used for other pur- 
poses such as determining the required beam tilt 
and confirmation that line-of-sight conditions exist 
between two points. The instrument, illustrated in 
Fig. 5 is used in conjunction with a one-inch-to- 
the-mile map. The mode of operation is as follows: 

(i) The height of the aerial above sea level is 
determined. 

(ii) Screw A is loosened and slider B is adjusted 
so that line C corresponds with the aerial 
height on slider D. (In the case of a "standard 
receiving site,' a 30 ft. mark E is engraved 
on the instrument and this is aligned with the 
ground level figures on slider D). 

(iii) The instrument is placed on the map with pin 
F through the location to be investigated, and 
with line C along the required radial. Scale G 
is provided to facilitate alignment with a 
particular bearing. 



(iv) A check is made to see whether any obstruc- 
tion along the radial within 15 km is higher 
than the aerial. If there is such an obstruc- 
tion then the process is started with slider D 
at zero on the distance scale H. If there is 
no obstruction then slider D is adjusted to 
15 km (approximately 10 miles) on scale H. 

(v) Pointers J and K are set to maximum clock- 
wi se position. 

(vi) Moving slider D along, pointer J is adjusted 
to correspond to map heights (as recorded at 
point of intersection with the scale on D). 

(vii) The terrain clearance angle B is indicated by 
pointer K; a subsidiary expanded scale gives 
values of 6 between and 1°. 

The actual angle registered is dependent on 
the ratio of the vertical to horizontal scales, 
A scale for direct reading of the terrain clear- 
ance angle can be provided, but the prototype 
instrument shown in Fig. 5 was calibrated in 
angles from the vertical. 



JMP 
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